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Abstract

Numerous studies have consistently shown that repeated restraint stress produces functional neuromorphological and
physiological alteration that are linked to the pathophysiology of brain disorder, like depression and bipolar disorder,
causes alteration in cognition and learning memory. Lithium is the drug of choice in the treatment of depression and
mania in bipolar disorder as a mood-stabilizing agent.

Present study was designed to investigate the effects of long term lithium administration on memory function and its
relation with 5-HT metabolism following repeated restraint stress. In this experiment memory was assessed by novel
object recognition task in water treated and lithium treated unrestraint and restraint rats. Recognition memory decreased
in water treated repeated restraint rats while in lithium treated repeated restraint rats recognition memory increased. 5-
HIAA level increased in water treated restraint rats while decreased in lithium treated restraint rats.

The findings indicate a role of brain serotonin in improved memory function in repeated restraint rats following long

term lithium administration.
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INTRODUCTION

Human health has been shown to be affected by the
stressful events of life in many ways; stress inducing
situation alters cognition, learning memory, and
emotional responses, causes mental disorders like
depression and anxiety (Wood et al, 2003; Vasconcellos
et al, 2003; Post, 1992; Wong & Licinio, 2001). Restraint
stress has been proved as an animal model for stress. It is
used studying the effects of drugs on stress induced
deficits (Kennett, 1986; Pare and Glavin, 1986).
Hippocampus is an important brain structure involve in
learning and memory (Eichenbaum et al, 1992). Repeated
restraint stress has been reported to cause an impairment
of spatial memory (Luine et al, 1994) because of the
reason that repeated restraint stress damages brain cells,
especially hippocampal neurons (Watanbe et al 1992). It
has been shown that memory loss in humans has been
associated with depression, as the hippocampal volume is
reduced (Sheline et al., 1996). Chronic restraint stress
produces functional, neuromorphological, and
physiological alterations that are linked to the
pathophysiology of depression and other psychiatric
disorders like anxiety and panic disorder (Kleen, et al.,
2006; Vasconcellos et al.,, 2003). Serotonin is an
important neurotransmitter in adaptation to stress (Samad
et al., 2006) and depression is associated with the
hypoactivity of monoaminergic, particularly serotonergic
system of the brain (Schloss & Williams 1998; Haleem,
1999). These serotonin containing neurons are shown to
be involved in stress-dependent impairments in spatial
memory (Luine et al., 1994).

*Corresponding author: E-mail: tahiraatig@hotmail.com

Lithium in pharmacology refers to the lithium ion, Li*,
used as a drug in the form of lithium salts like lithium
carbonate (Massot et al., 1999). Lithium salts have a
major impact in the treatment and prophylaxis of mania
and bipolar disorder (Dunner & Neumair, 2000) also
these salts use as a prophylactic agent in unipolar
depression, aggressive behavior and schizophrenic
disorder. (Frost & Messiha, 1983). Lithium treatment has
been found to attenuate the stress inducing alteration in
cognition, learning memory, and emotional responses
(\Vasconcellos et al, 2003).

In view of these neuroprotective effects of lithium in
response to stress, present study was designed to
investigate the effects of long term lithium administration
on memory function and its relation with 5-HT following
repeated restraint stress.

MATERIALS AND METHODS

Animal and treatment

Locally bred Albino Wistar rats weighing 180-200gms
were used for the experiment. Animals were caged
individually in plastic cages with free access to cubes of
standard rodent diet and tap water for 3 days before
starting the experiment. Body weight and food intake of
all rats were monitored in both pre and post experimental
period.

Drug Preparation

400mg tablet of Lithium Carbonate was crushed and
dissolved in 100ml of deionized water. The drug was
given orally at the dose of 1mg/kg/ml for 21 days.
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Experimental Protocol

In the beginning of experiment animals were divided in
two groups water and drug treated. Rats were given to
standard diet and water throughout the experiment Fresh
drug was prepared before starting the experiment.
Deionized water was orally administered to water treated
rats and Lithium Carbonate (1.0 mg/kg/ml) was orally
administered to drug treated animals for 21 days. After 21
days of administration both groups were divided into
unrestraint and restraint groups. Restraint groups were
stressed for 2 hrs, stress procedure was repeated for 5
days. All the experiments were performed according to
the instructions given by animals care committee.
Behavioral analysis was performed 24 hrs following
repeated restraint stress (2h/day for 5 days). Animals were
decapitated after behavioral analysis and brain samples
were stored at -70°c for neurochemical analysis.

Restrain Procedure

At the end of 21st day of treatment animals of restrain
group (both water and drug treated) were subjected to
repeated exposure of 2hrs restraint stress for five days.
Restrain was done in separate room to prevent unrestraint
animals from being under stressful condition due to
disturbance. The animals were restrained by approved
procedure as described earlier (Kennett et al., 1985,
Haleem et al., 1988, Haleem and Parveen., 1994). Wire
grids of 10" x 9" fitted with a Perspex plate of 9" x 6.5" as
described earlier (Haleem et al., 1988, Haleem and
Parveen, 1994) were used. Immobilization was effected
by pressing the fore limbs of the rats through the gaps in
the metal grid and tapping them together with zinc-oxide
plaster. Hind limbs were also tapped and the head of
animal rested on the Perspex plate. Restrain consist of
2hr/day immobilization for 5 days. After 2hr/day restrain
stress, rat’s legs were released by applying acetone to the
tape and return to their home cage.

Behavioral Analysis

Novel Object Recognition Task

The object recognition task is based on the natural
tendency of animals to investigate a novel object rather a
familiar object when both are simultaneously present in
an area. This test was monitored and described by
Ennaceur and Delacour (1988). The test was performed in
a box having area 45x45 cm with 42 cm high walls
constructed of wood. The objects to be discriminated
were two transparent glasses (used as novel object).
Objects were heavy enough so that rats could not move
them. It should be made sure that objects have no natural
significance of rats. The two objects should always be
placed at the same location within the area during the
training and test.

Neurochemical analysis
At the end of the experiment animals were decapitated
using guillotine. Brain was removed immediately and

stored at -70°C for the determination of 5-HIAA by
HPLC-EC as described earlier (Haleem and Haider,
1996).

The effect of lithium on restrained and unrestrained rats
on behavioral and neurochemical data were analyzed by
two-way ANOVA Post-hoc comparisons were made by
using Newman-keuls test.

RESULTS

Fig. 1 shows the effect of long term lithium
administration (for 21 days) on recognition memory
(sniffing time for new object in sec.) in unrestraint and
repeated restraint rats.

Data analyzed by two-way ANOVA (df=1,20) show non
significant effect of repeated restraint stress (F=2.00, p >
0.05), significant effect of drug (F=6.66, p<0.05) and non
significant interaction between two factors (F=0.56,
p>0.05).
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Fig. 1. Values are mean +S.D (n=6). Significant
differences by Newman-keuls test:*P<0.05 from their
respective unrestraint controls; +P<0.05 from respective
water treated controls.

Post-hoc analysis by Newman-keuls test showed that
recognition memory significantly decrease (p<0.05) in
restraint control animals whereas, long term lithium
administration significantly increase (p<0.05) recognition
memory in restraint rats.

Fig. 2 shows the effect of long term lithium
administration on brain 5-HIAA level in unrestraint and
repeated restraint rats.

Data analyzed by two-way ANOVA (df=1,20) show non
significant effect of repeated restraint stress (F=.073,
p>0.05), non significant effect of drug (F=1.34, p>0.05)
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and significant interaction between two factors (F=14.47,
p<0.01).

Post-hoc analysis by Newman-keuls test showed that 5-
HIAA level significantly increased (p<0.05) in restraint
control animals, and it is also observed that 5-HIAA level
significantly decreased (p<0.05) and increased (p<0.05) in
lithium treated restraint and restraint rats respectively.
Long term lithium administration significantly decreased
(p<0.05) 5-HIAA level in repeated restraint rats.
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Fig. 2. Values are mean +S.D (n=6). Significant
differences by Newman-keuls test:*P<0.05 from their
respective unrestraint controls; = P<0.05 from respective
water treated controls.

DISCUSSION

Lithium used as a drug in the form of lithium salts like
lithium carbonate (Massot et al., 1999). In bipolar
depression, lithium salts use as a mood stabilizing drugs
and have a role in the treatment of depression and more
particularly of mania. (Bowden, 1978; Noyes et al.,
1974).

Cognition is the process of knowing and, more precisely,
the process of being aware, thinking, learning, and
judging. In present study, cognition is analyzed by novel
object recognition task and we found that repeated
restraint stress significantly decreased recognition
memory i.e. impairment of cognitive function occurred.
Previously it is reported that repeated restraint stress
caused cognitive impairment. (McEwen et al., 1997). It is
reported that immobilization stress impaired the long term
potentiation induction in hippocampus whereas lithium
showed protective effect against stress-induced impair-
ment of long term potentiation induction (Lim et al,
2005).

In the present study it is found that recognition memory
significantly improves by lithium treatment in repeated
restraint stress these results are strongly supported by the
previous findings (Yazlovitskaya et al., 2006). 5-HT
involve in a variety of neuronal function such as pain,
feeling, sleep, cardiac regulation, it has also important
role in cognition (McEntee & Crook, 1991; Zakzanis and
Young, 2001). Increased 5-HIAA levels following
repeated restraint stress observed in the present study may
be due to increased 5-HT turnover that may be possibly
involve in memory impairment. These increase in 5-
HIAA levels were not observed in lithium treated
repeatedly restraint rats. However, 5-HIAA levels
significantly decreased in these rats. Enhancement of
memory function with decreased 5-HIAA levels in
lithium treated restraint rats suggest that decreased 5-HT
turnover is a possible mechanism for the memory
enhancement.

CONCLUSION

In conclusion it is suggested that enhanced memory
function with decreased 5-HIAA levels following Li
administration in restraint rats may be due to decreased
brain serotonin turnover. These results emphasize the
neuroprotective role of lithium treatment.
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